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, $(u, \phi, A):R^{1+3}arrow C\cross R\cross R^{3}$
$i \partial_{t}u=-\frac{1}{2}(\nabla-iA)^{2}u+\phi u$ , (1.1)
$-\Delta\phi-\partial_{t}$ div $A=\rho$ , (1.2)
$\square A+\nabla(\partial_{t}\phi+divA)=J$ (1.3)
. $\rho=|u|^{2},$ $J={\rm Im}\overline{u}(\nabla-iA)u$ .
, $u$ , $(\phi, A)$ , $\rho$ ,
$J$ , $\rho,$ $J$ ,
. , $\rho$ ,






$\Vert(\nabla-iA)u\Vert_{2}^{2}+\Vert\nabla\phi+\partial_{t}A\Vert_{2^{2}}+\Vert$ rot $A\Vert_{2^{2}}=$ const (1.5)
. 1 , 2, 3
, .
. $\lambda$ : $R^{1+3}arrow R$
,
$(u’, \phi’, A’)=(\exp(i\lambda)u, \phi-\partial_{t}\lambda,A+\nabla\lambda)$ (1.6)
, . , $\lambda$ , (MS)
.
. $\rho,$ $J$ $E=-\nabla\phi-\partial_{t}A$ , $B=rotA$
. ,




. ( ) $(1.2)-$
(1.3)
$-\Delta\phi=\rho$ , $\square A=PJ$ (1.8)
. $P=1-\nabla$ div $\Delta^{-1}$ .
Newton $\phi=(4\pi|x|)^{-1}*\rho$
$u,$ $A$ . (1.1) (1.8). (MS-C) \langle . (MS-C)
– $(u(O), A(0),$ $\partial_{t}A(0))$ Sobolev




$(\partial_{t}^{2}-\triangle)\phi=\rho$, $\square A=J$ (1.10)
. (1.1) (1.10) (MS-L) .
$(u(0), \phi(0),$ $\partial_{t}\phi(0),$ $A(0),$ $\partial_{t}A(0))$
Sobolev
$Y^{s,\sigma}=\{(u_{0}, \phi_{0}, \phi_{1},A_{0}, A_{1})\in H^{\epsilon}\oplus H^{\sigma}\oplus H^{\sigma-1}\oplus H^{\sigma}\oplus H^{\sigma-1}$ ;
div $A_{0}+\phi_{1}=divA_{1}+\Delta\phi_{0}+|u_{0}|^{2}=0$ }
. , $s,$ $\sigma$ (MS)
Schr\"odinger , Maxwell regularity .
\S 2.





. Nakamitsu-Tsutsumi [11] $s=\sigma>5/2$
76
, $L^{2}$
1. Nakamura-Wada [12] .
1. $s\geq 5/3,$ $\max\{4/3_{)}s-2;(2s-1)/4\}\leq\sigma\leq\max\{s+1;(5s-2)/3\}$ ,
$(s, \sigma)\neq(5/2,7/2),$ $(7/2,3/2)$ . , $(u(O), A(O),$ $\partial_{t}A(0))\in$














. (MS-C) Coulomb Hartree ,
,
. (Hartree [1, 2, 8, 14, 15] ) (MS-
C) Tsutsumi [21] Shimomura [17], Ginibre-
Velo $[4, 6]$ . :
$U(t)=\exp(it\triangle/2),$ $M(t)=\exp(i|x|^{2}/2t),$ $D_{0}(t)f=f(\cdot/t),$ $D(t)=(it)^{-3/2}D_{0}(t)$ .
1 [11] (MS-L) , 3
(MS-C) . regularity 3 $s=\sigma\geq 3$ ,
Sobolev $s=\sigma>5/2$ .
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$(u_{+}, A_{+}, A_{+})$ :
$u_{0}(t)=MD\exp(-iS(t))\hat{u}+$ , $A_{0}(t)= \cos t\omega A++\frac{\sin t\omega}{\omega}A_{+}$ ,
$\tilde{A}_{1}=\int^{\infty}\frac{\sin(\nu-1)\omega}{\omega}D_{0}(\nu)P(x|\hat{u}_{+}|^{2})\frac{d\nu}{\nu^{-3}}$, $A_{1}(t)=t^{-1}D_{0}(t)\tilde{A}_{1}$ ,
$S(t)=(\phi(\hat{u}_{+})-x\cdot\tilde{A}_{1})$ log $t$ .
$\phi(\hat{u}_{+})=(4\pi|x|)^{-1}*|\hat{u}_{+}|^{2}$ . , $u_{0},$ $A_{0},$ $A_{1}$
$(u_{0}, A_{0}+A_{1})$ (MS-C) $(u, A)$ $t=\infty$ ,
. . $X(T)$
$\Vert(v, B);X(T)||=\sup_{t\geq T}t(\log t)^{2}\{||v(t);H^{2}\Vert+\Vert\partial_{t}v(t)\Vert_{2}+||v;L^{8/3}(t, \infty;W^{1,4})\Vert$
$+||B;L^{4}(t, \infty;W^{1,4})\Vert+\Vert\partial_{t}B;L^{4}(t, \infty;L^{4})\Vert\}$
. :
2([6]). $u+\in H^{3,1}\cap H^{1,3}$ . div $A_{+}=divA_{+}=0$ ,
$\Delta A_{+},$ $\nabla\dot{A}_{+},$ $\Delta(x\cdot A_{+}),$ $\nabla x\cdot A_{+}\in W^{1,1}$ $A_{+},$ $x\cdot A_{+}\in L^{3},$
$A_{+X}\cdot\dot{A}_{+}\in L^{3/2}$ .
$T>1$ (MS-C) $(u, A)$ $(u-u_{0}, A-A_{0}-A_{1})\in X(T)$
.
2 $(u_{+}, A_{+}, A_{+})$ $(u(O), A(O),$ $\partial_{t}A(0))$ ( )
, $W_{+}$ . $tarrow-\infty$ $W_{-}$




Maxwell $A$ $A_{0}$ , Schr\"odinger
$u$ . $u$ $u_{0}$
( $S$ ) $J$ ,
$A$ $A_{1}$ . $u=u0+v,$ $A=A_{0}+A_{1}+B$
(MS-C) $(v, B)$
$\mathcal{L}v=A^{f}(u, A)-A’(u_{0}, A_{0}+A_{1})+A^{\gamma}(u_{0}, A_{0}+A_{1})-\mathscr{L}u_{0}$ (3.1)
$B=J-t^{-3}D_{0}(t)P(x|\hat{u}+|^{2})$ (3.2)
. $\mathcal{L}=i\partial_{t}+\frac{1}{2}\triangle,$ $\nu\gamma(u, A)=iA\cdot\nabla u+|A|^{2}u+\phi(u)u$ .
$t=\infty$ . (3.1) $tarrow\infty$
. $(v, B)$ $X(T)$ $(v, B)$ $(u_{0}, A_{0}+A_{1})$
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, $\Lambda^{\sqrt{}}(u, A)-$ $(u_{0}, A_{0}+A_{1})$ .
$(3.1)-(3.2)$ $V(u_{0}, A_{0}+A_{1})-\mathscr{L}u_{0}$ ,
$S$ .
$A^{\nearrow}(u_{0}, A_{0}+A_{1})$ - $u_{0}=-t^{-1}x\cdot A_{0}u_{0}+t^{-1}MD(-x\cdot\overline{A}_{1}+\phi(\hat{u}+))e^{-iS}\hat{u}+$
-MD\partial tSe-isu++( ) (3.3)
$S$ 2, 3 .
1 $-A_{0}\cdot MDxe^{-iS}\hat{u}+$ $L^{\infty}- L^{1}$ $L^{2}$
$O(t^{-1})$ . .
. . Coulomb
$\square x\cdot A_{0}=0$ $L^{\infty}- L^{1}$
$\Vert t^{-1}x\cdot A_{0}u_{0};H^{2}||=O(t^{-2}(\log t)^{2})$ . 1 .
Tsutsumi [21] $supp$ $\hat{u}_{+}\cap\{\xi;1-\epsilon<|\xi|<1+\epsilon\}=\emptyset$
. $u0$ ,




2 $Klein- Gordon- Schr\ddot{o}dinger$ , 3
wave-Schr\"odinger . [3, 5, 16, 18-20]
.
\S 4.
(MS) $c$ (\S 1-\S 3 1 ):
$i \partial_{t}u=-\frac{1}{2}(\nabla-ic^{-1}A)^{2}u+\phi u$ ,
$-\triangle\phi-c^{-1}\partial_{t}$ div $A=\rho$ ,
$(c^{-2}\partial_{t}^{2}-\Delta)A+\nabla(c^{-1}\partial_{t}\phi+divA)=c^{-1}J$.
$J={\rm Im}\overline{u}(\nabla-ic^{-1}A)u$ . $carrow\infty$ $(MS)$ Hartree




(A1) $s\geq 5/3,$ $\max\{4/3, s-1, (s+2)/3\}\leq\sigma\leq\min\{s+1, (5s-2)/3\}$ .
$(s,\sigma)\neq(5/2,7/2),$ $(5/2,3/2)$ .
(A2) $(u_{c}, A_{c})$ $(u_{c}, A_{c}, c^{-1}\partial_{t}A_{c})\in C(I_{c};X^{s,\sigma})$ (MS-C)
. , $0$ .
(A3) $v\in C(R;H^{s})$ (H) .
(A4) $\lim_{carrow\infty}\Vert u_{c}(0)-v(0);H^{s}\Vert=0$ .
(A5) $H^{\sigma}\oplus H^{\sigma-1}$ $\lim_{carrow\infty}(A_{c}(0))c^{-1}\partial_{t}A_{c}(0))$ .
$(A1)-(A5)$ , :
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